We previously investigated the physiological effect of an ethanol extract of fermented soymilk on rats and clarified that this extract modulated their hepatic lipid metabolism. Although the soy isoflavones and oligopeptides are representative functional components of the ethanol extract, it remained unclear whether these substances share a role in lipid metabolism modulation. Therefore, we attempted to clarify the effects of isoflavones and oligopeptides in lactic acid-fermented soymilk on lipid metabolism-related gene expression in rats and HepG2 cells. The fermented soymilk extract had a higher isoflavone aglycone content than the soymilk extract. Sevenweek-old male Sprague-Dawley rats were fed an AIN-93G diet, a diet plus 70% soymilk ethanol extract, or a diet plus 70% fermented soymilk ethanol extract for 5 weeks. Although both the soymilk and fermented soymilk ethanol extracts did not significantly affect plasma and hepatic lipid profiles, the expression levels of the genes encoding CYP7a1 and SREBP-2 were significantly upregulated in the livers of rats fed with the fermented soymilk extract. Whereas isoflavone aglycones upregulated CYP7a1-encoding gene expression in HepG2, oligopeptides in soymilk and fermented soymilk downregulated this expression. Oligopeptides in fermented soymilk downregulated the expression stronger than that observed with soymilk. On the other hand, no significant change in FAS expression was observed in the livers of rats fed the fermented soymilk extract. Although isoflavone aglycones did not affect FAS expression in HepG2 cells, oligopeptides in fermented soymilk downregulated FAS expression. The downregulation of FAS with oligopeptides from fermented soymilk was stronger than that from soymilk. In the present animal experiment, the effect on reduction of fat synthesis was not found because of insufficient amount of peptides derived from digestion of soy protein. These results suggest that isoflavone aglycones 
increase CYP7a1 gene expression, whereas oligopeptides decrease FAS expression. Isoflavone glycosides and proteins in soymilk were converted to isoflavone aglycones and oligopeptides by lactic acid fermentation, respectively, and these functional components independently improved the lipid metabolism. In the present study, it was found that isoflavone aglycones and oligopeptides in fermented soymilk differentially regulate hepatic lipid metabolism-related gene expression. Therefore, the consumption of fermented soymilk containing isoflavone aglycones and soy oligopeptides might prevent dyslipidemia more effectively than that of any other soy food. Fermented soymilk is a superior functional food modulating lipid metabolism.
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Introduction
Soy-based foods are well known to prevent hypercholesterolemia [1] . Soy protein and isoflavone are the major bioactive components in these foods. Soy protein reduces cholesterol levels by inhibiting cholesterol absorption in the intestines and promoting fecal excretion through bile acid binding [2] - [4] . Soy protein reduces plasma low-density lipoprotein cholesterol (LDL-C) levels [1] [5] . Furthermore, β-conglycinin, an active soy protein component, can reduce plasma triglyceride (TG) levels and body fat mass [6] .
On the other hand, isoflavones are known to be effective against obesity [7] . Genistein, an isoflavone, was shown to reduce adipose deposition in a dose-dependent manner [8] . Moreover, genistein and daidzein were found to modulate hepatic glucose and lipid metabolism [9] [10] . The lipid metabolism-modulating effects of combined isoflavones and soy protein have been reported through clinical analyses and meta-analyses [11] - [14] .
Although soymilk, the simplest soy food, is easily prepared, its taste is generally considered unfavorable. Accordingly, we used soymilk fermented by lactobacilli of vegetable origin to increase the palatability. Lactic acid fermentation converts isoflavone glycosides in soymilk to isoflavone aglycones [15] , thus enhancing their absorption in the intestine [16] . We previously reported the lipid metabolism-modulating effects of fermented soymilk in rats fed an AIN-93G diet [17] , a high-cholesterol diet [18] , a highfat diet [19] , and a high-fat and high-cholesterol diet [20] [21] . Additionally, an increase in the amount of isoflavone aglycones in fermented soymilk enhances this lipid metabolism-modulating effect [21] . Although we found that the administration of only isoflavone aglycone fraction from fermented soymilk did not improve lipid metabolism in rats fed a high-cholesterol diet, isoflavone aglycon fraction improved lipid metabolism when given together with soy protein [22] . However, the isoflavone fraction used in our pervious paper, ethanol extract from fermented soymilk, contained both isoflavone aglycones and soy peptides [22] . Peptides and protein hydrolysates reportedly exhibit greater bioactivities relative to intact proteins or amino acid mixtures [3] [23] . Many peptides prepared from both plant and animal sources exhibit multiple bioactivities, such as the antihypertensive peptides IAP and VY [24] , the hypocholesteromic wheat gliadin-derived peptide IIARK [25] , sardine muscle [26] , and bovine milk α-lactoglobulin [27] [28] . Black soybean peptide and brown rice peptide are also known to exert lipid metabolism-modulating effects [29] [30] . Di-and tri-peptides are absorbed faster than amino acids because the human intestine expresses the oligopeptide transporter Pept-1 [31] [32] . Additionally, soy peptide is easily absorbed by the intestine in human [33] , and bioactive peptides, especially soy-derived tri-or tetra-peptides, migrate through the bloodstream without degradation in human [34] and rats [35] . Furthermore, several bioactive peptides, including the hypocholesterolemic peptide LPYPR anti-hypertensive peptide NWGPLV, antioxidant peptide LLPHH, and anti-obesity peptide VRIRLLQRFNKRS were found to be derived from soy protein, of which the major constituents were glycinin and β-conglycinin in rodents or in vitro [36] - [38] . Additionally, soymophin-5, a soy-protein derived peptide, was shown to reduce glucose and TG concentrations in mice [39] . Another report described a hypotriglyceridemic di-peptide derived from soy protein in HepG2 cells and rats [40] . Moreover, a soy peptide derived from β-conglycinin induced a lipid metabolism-modulating effect in a hepatic cell line [41] and inhibited lipid accumulation in adipocytes [42] .
Most lipid metabolism-modulating peptides appear to be di-, tri-, or oligopeptides, as these are more easily absorbed in the intestine. It is therefore assumed that soy peptides, especially those with a molecular weight < 1 kDa, exert lipid metabolism-modulating effects. We previously reported that the isoflavone aglycone fraction from fermented soymilk was not sufficient to improve lipid metabolism in rats fed a highcholesterol diet [22] . However, the mechanism by which fermented soymilk ethanol extract, mixture of soy oligopeptides and isoflavone aglycones, affects lipid metabolism in rats fed an AIN-93G diet remains unclear. Therefore, the independent effects of isoflavone aglycones and soy peptides (especially those <1 kDa) on hepatic gene expression should be resolved.
In the present study, the effect of a fermented soymilk ethanol extract on hepatic lipid metabolism-related gene expression was investigated in rats fed an AIN-93G diet.
Subsequently, the effects of isoflavone aglycones and soy oligopeptides on lipid metabolism-related gene expression in HepG2 cells were investigated to clarify the independent roles of isoflavones and oligopeptides in fermented soymilk.
Materials and Methods

Separation of Oligopeptides < 1 kDa
Soymilk and fermented soymilk were diluted in a 1:1 ratio with distillated water, adjusted to pH 4.5, and centrifuged to collect the supernatants. Next, 70% ethanol extracts were prepared from the supernatants to yield soymilk and fermented soymilk peptides.
Cation exchange chromatography was performed using an AG-50W (Bio-Rad, Tokyo, Japan) to separate oligopeptides < 1 kDa from the extracts. The amounts of separated peptides were measured using a Micro BCA™ Protein Assay kit (Thermo Scientific, Yokohama, Japan).
Diet
Freeze-dried soymilk was used for the animal experiments. Fermented soymilk was prepared via lactic acid fermentation for 15 h with the Lactobacillus delbrueckii subsp. delbrueckii strain TUA4408L, followed by immediate freeze-drying prior to the animal experiments. The isoflavone/peptide-containing fraction extracted from soymilk using 70% ethanol (SE) was prepared, evaporated to remove ethanol, and immediately freezedried. The isoflavone/peptide-containing fraction extracted from fermented soymilk using 70% ethanol (FSE) was similarly collected. The compositions of SE and FSE are shown in Table 1 . The proportions of aglyconized isoflavones in SE and FSE were 2.8% and 84.7%, respectively ( Table 2 ). Other feed materials were purchased from CLEA Japan (Tokyo, Japan) and Wako Pure Chemical Industries (Osaka, Japan). The composition of the experimental diets is shown in Table 3 .
Animals
Eighteen male Sprague-Dawley rats (age: 7 weeks) were purchased from Nihon SLC (Hamamatsu, Japan) and individually housed in cages at a temperature of 23˚C ± 1˚C and humidity level of 55% ± 7% with a 12-h light-dark cycle. All rats were acclimated on an AIN-93G diet for 1 week to stabilize their metabolic conditions before the feeding experiments. In our previous paper [17] , a fermented soymilk diet containing a final soy protein concentration of 10% enhanced lipid metabolism in rats fed an AIN-93G diet; in that study, the isoflavone concentration was approximately 30 mg/100 g diet. In the present study, therefore, the soymilk or fermented soymilk ethanol extract containing the isoflavone fraction was administrated to rats at a concentration of 30 mg isoflavone/100g diet.
The rats were initially assigned to three groups (n = 18) such that there were no significant differences with regard to body weight and total serum cholesterol concentration among the groups. The control (C) group was fed an AIN-93G diet. The SE-and FSE-feeding groups (SE and FSE groups, respectively) were fed a diet in which 4% of the control diet was replaced with SE or FSE, respectively (Table 3) . Table 2 presents a comparison of the isoflavone concentrations in each diet. The rats were fed the respective diets and were permitted ad libitum access to their diet and water. Food intake and body weight were measured as described in our previous paper [18] . Blood and liver analyses were also performed as previously described [18] . These animal experiments were performed according to the guidelines of the Animal Use Committee of Mukogawa Women's University, and the experiments were approved by the Committee for the Care and Use of Laboratory Animals at Mukogawa Women's University (code: P-2014013).
Measurement of Plasma and Liver Metabolic Parameters
Plasma total cholesterol (TC) and triglyceride (TG) levels were measured enzymatically using commercial kits (Cholesterol E-test and Triglyceride E-test, respectively; Wako Pure Chemical Industries, Osaka, Japan). Hepatic lipids were extracted according to the method described by Folch et al. [44] . Hepatic cholesterol and TG concentrations were determined enzymatically as described above.
Real-Time Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Analysis of Rat Liver
The mRNA expression levels were quantitatively measured via real-time RT-PCR on an subfamily a polypeptide 1 (CYP7a1)) (Applied Biosystems). Rn99999916_s1 (GAPDH) was used as an endogenous control. Real-time PCR was performed with the TaqMan® Universal PCR Master Mix (Applied Biosystems). Data were normalized to GAPDH RNA expression, and fold-changes were presented as ratios relative to the control group.
Measurement of Isoflavones in the Diet and Liver
To measure isoflavones, the diet and liver tissue were subjected to extraction with 70% ethanol at room temperature for 24 h and centrifuged at 10,000 g for 30 min at room temperature. The liver had been previously deconjugated by β-glucuronidase (SigmaAldrich, Tokyo, Japan). The supernatants were collected and filtered through cellulose acetate membranes (Tosoh, Tokyo, Japan). Isoflavones in the diet and liver were analyzed using a HPLC apparatus (Tosoh) equipped with an ODS-80Ts column. HPLC was performed via gradient elution of acetonitrile from 5% to 20%, using solvents of sodium acetate (pH 4. 
Cell Culture
HepG2 human hepatoblastoma cells were maintained in Dulbecco's Modified Eagle Medium (DMEM) containing 10% heat-inactivated fetal bovine serum (FBS), 100 units/ml penicillin, and 100 µg/ml streptomycin in an atmosphere of 95% air −5% CO 2 at 37˚C. On day 0, 4.0 × 10⁵ cells were plated in 60-mm 2 dishes. On day 1, the medium was replaced with serum-free medium with antibiotics. On day 2, cells were treated with isoflavones (Sigma-Aldrich) or oligopeptides. Following 24-h incubation, total RNA was isolated from the cells using the RNeasy Mini kit (Qiagen). for LDLR (mRNA of low-density lipoprotein receptor (LDLR)), and Hs00167982_m1
Real-Time
for CYP7a1 (Applied Biosystems). Hs02758991_g1 (GAPDH) was used as an endogenous control. Real-time PCR was performed using TaqMan® Universal PCR Master Mix (Applied Biosystems). Data were normalized to GAPDH RNA expression, and fold changes were presented as ratios relative to the control. 
Statistical Analysis
Results
Body Weight, Food Intake, Food Efficiency, and Tissue Weights
No significant differences in initial and final body weights, food intake, food efficiency, and liver weight were observed among the three groups of rats (Table 4) . 
Hepatic Lipid Levels
The hepatic cholesterol and TG levels in the SE and FSE groups did not differ from those in the C group (Figure 1 ).
Plasma Lipid Levels
There were no significant differences in plasma TC and TG levels among the three groups (Table 5) . 
Real Time RT-PCR Analysis of Rat Liver
Expression levels of genes in the cholesterol and fatty acid metabolic pathways are shown in Figure 2 . After the 5-week diet period, expression of the gene encoding CYP7a1, a rate-limiting enzyme during the formation of bile acid from cholesterol, was upregulated in the FSE group relative to the C and SE groups. Although the expression of the gene encoding SREBP-2, which is upstream of HMG-CR, was upregulated in the FSE group relative to the C group, expression of the gene encoding HMG-CR, a ratelimiting enzyme in the cholesterol synthesis pathway, was not significantly upregulated in the SE and FSE groups. Similarly, although expression of the gene encoding LXRα, which is upstream of SREBP-1, was upregulated in the SE and FSE groups relative to the C group, expression levels of the genes encoding SREBP-1 and the fatty acid synthesis-related molecules FAS and ACC were not significantly upregulated in the SE and FSE groups.
Real Time RT-PCR Analysis of HepG2 Cells Effect of Isoflavone on Lipid Metabolism-Related Gene Expression in the HepG2 Cell Line
Soymilk and fermented soymilk are rich in isoflavones, especially daidzein and genistein. Accordingly, we investigated the effects of isoflavones, especially daidzein and genistein, on lipid metabolism-related gene expression in HepG2 cells. In our previous paper, the hepatic isoflavone concentrations were approximately 10 -20 μmol/kg tissue [18] - [21] . When rats were fed a FSE diet for 1 week, as shown in the present study, the hepatic isoflavone concentration was 10.3 μmol/kg tissue (Table 6 ). Therefore, we used 10 µM and 20 µM daidzein and genstein in medium for the cell culture experiment, respectively. These isoflavone concentrations corresponded to approximately 1/100th of that in the animal experiment diet used in the present study (Table 2) .
At both concentrations, daidzein and genistein upregulated the expression of the gene encoding CYP7a1 relative to the control (Figure 3) . Notably, we observed no differences between 10 µM and 20 µM daidzein and genistein, respectively. On the other hand, SREBP-2-encoding gene expression was downregulated at 10 µM and 20 µM daidzein and genistein.
Although the SREBP-1-encoding gene expression was downregulated in response to 10 µM and 20 µM daidzein and genistein, expression of the gene encoding FAS was not affected by either isoflavone. Expression of the gene encoding LXRα, which is upstream of SREBP-1 and SREBP-2, was also upregulated in response to both isoflavones. Expression of the gene encoding LDLR was also upregulated under all conditions except daidzein at 10 µM.
Effects of Soymilk and Fermented Soymilk Oligopeptides on Lipid Metabolism-Related Gene Expression in HepG2 Cells
Separation of Oligopeptides < 1 kDa
No significant difference in the amount of crude peptides were observed between soymilk and fermented soymilk. Both soymilk and fermented soymilk contained nearly the same amounts of peptides (Table 7) . These oligopeptide fractions did not contain isoflavones (data not shown).
Effect of Soymilk and Fermented Soymilk Oligopeptides on Lipid
Metabolism-Related Gene Expression in HepG2 Cells Next, we investigated the effect of oligopeptides on lipid metabolism-related gene expression. As the isoflavone concentration used for treatment was approximately 1/100 th of that in the animal experiment diet, the amount of oligopeptides used for treatment was adjusted to yield the same isoflavone/oligopeptide ratio found in the ethanol extract. S2 and S4 were treated with 2 mg and 4 mg of soymilk oligopeptide/100ml, Table 6 . Hepatic levels of isoflavones in rats fed the experimental diets.
SE FSE
Genistein (μmol/kg) 0.9 ± 0.4 2.4 ± 0.6
Daidzein (μmol/kg) 2.6 ± 0.6 3.1 ± 0.8
Equol (μmol/kg) 3.5 ± 1.3 4.9 ± 1.5
Total isoflavone (μmol/kg) 7.0 ± 1.5 10.3 ± 0.6
Each value is the mean ± standard error for six rat. 
Effect of Soymilk and Fermented Soymilk Isoflavones and Oligopeptides on Lipid Metabolism-Related Gene Expression in HepG2 Cells
The influence of cooperation between isoflavones and oligopeptides with regard to lipid metabolism-related gene expression, especially FAS and CYP7a1, was investigated. Because the hepatic daidzein/genistein ratio of the FSE diet was approximately 1:1 (Table  6) , the same daidzein/genistein ratio was used in this experiment.
Although isoflavones upregulated the gene expression of CYP7a1, co-treatment with isoflavones and oligopeptides resulted in cross-cancelation of each agent's effect on the gene expression of CYP7a1. On the other hand, although the gene expression of FAS was not affected by isoflavones, co-treatment with isoflavones and oligopeptides down-regulated the gene expression of FAS because of the strong downregulating activity of the oligopeptides.
Discussion
Isoflavone and peptides are major functional components of fermented soymilk. Isoflavone aglycones appear to be more physiologically active than isoflavone glycosides.
Compared with soymilk, fermented soymilk contains a greater amount of isoflavone aglycones ( Table 2 ). The physiological properties of peptides in fermented soymilk are not yet known. First, we investigated the effects of FSE on hepatic lipid metabolism-related gene expression in rats fed an AIN-93G diet. Secondly, we investigated the effects of isoflavones and oligopeptides on lipid metabolism-related gene expression in HepG2 cells.
Although the hepatic cholesterol, TG, and plasma TC levels were significantly lower in the intact fermented soymilk-fed rats [17] , FSE did not affect the hepatic and plasma lipid profiles ( Figure 1 and Table 5 ). These data suggest that FSE alone does not reduce the hepatic and plasma lipid levels of rats fed an AIN-93G diet.
However, significant changes in lipid metabolism-related gene expression were observed in the livers of FSE-fed rats. Upregulated hepatic expression of the gene encoding CYP7a1, a rate-limiting enzyme in the synthesis of bile acid from cholesterol [45] that is controlled by LXRα [46] [47], was more strongly induced in the FSE group relative to the C and SE groups (Figure 2 ). Hepatic CYP7a1 expression in the FSE group was stimulated by an increase in LXRα expression [47] . In contrast, this expression was only slightly increased in the SE group relative to the C group. In our previous studies, hepatic CYP7a1 expression increased significantly in rats fed fermented soymilk plus an AIN-93G diet [17] , high-cholesterol diet [18] , high-fat diet [19] , or high-fat and highcholesterol diet [20] [21] . Additionally, we reported that fermented soymilk, which contains a higher concentration of isoflavone aglycones, enhanced the gene expression of CYP7a1 relative to fermented soymilk with a lower concentration of isoflavone aglycones [21] . As FSE has a higher isoflavone aglycone concentration relative to SE, FSE upregulated the gene expression of CYP7a1 whereas SE scarcely had an effect on the same gene. The gene expression of SREBP-2 was also upregulated in response to FSE.
These data indicate that upregulated CYP7a1 gene expression stimulated SREBP-2 gene expression and thus cholesterol homeostasis [48] . However, the gene expression of HMG-CR, a rate-limiting enzyme in the cholesterol synthesis pathway controlled by SREBP-2 [49] , was not affected. It appears that either changes in downstream gene expression lagged behind those in upstream gene expression or that the mature form of SREBP-2 was downregulated. These results indicate that fermented soymilk, which is rich in isoflavone aglycones, promotes not only cholesterol catabolism but also cholesterol synthesis-related gene expression. Although the gene expression of LXRα, which is upstream of SREBP-2, significantly increased in the SE and FSE groups, the gene expression of FAS, SREBP-1, and ACC, which are downstream, did not significantly increase in either group. Accordingly, there was no significant difference in the plasma and hepatic lipid profiles of rats fed SE and FSE diets. Inoue et al., found a hypotriglyceridemic peptide derived from soy protein in HepG2 cells and rats [40] . In the present animal experiment, the effect of FSE on reduction of fat synthesis in rats did not appear because of insufficient amount of peptides derived from digestion of soy protein.
However, if FSE contains both enough amounts of isoflavone aglycones and oligopeptides, it is postulated that these functional components individually can affect the expression of lipid metabolism-related genes. In our second experiment, we attempted to confirm whether isoflavone aglycones and oligopeptides contained in FSE would individually affect lipid metabolism-related gene expression in the HepG2 cell line.
We investigated the effect of isoflavone aglycones, particularly daidzein and genistein, on lipid metabolism-related gene expression in HepG2 cells. Daidzein and genistein upregulated the gene expression of CYP7a1 (Figure 3) . Although it was reported that the expression of human CYP7a1, in contrast to rat CYP7a1, is not stimulated by LXRα sponse to isoflavone aglycones [51] , isoflavone aglycones are thought to reduce the expression of fatty acid synthesis-related genes. LDLR gene expression increased in response to isoflavone aglycone treatment (Figure 3 ) [52] . Additionally, although the gene expressions of LXRα, which is upstream of SREBP-1 [46] [51], and SREBP-1 were inclined to be increased in rats by isoflavone aglycones-containing fraction, the gene expression of SREBP-1 was decreased by isoflavone aglycones to compensate for the effect of increased LXRα gene expression in HepG2 cells [53] .
Next, we investigated the effects of oligopeptides isolated from SE or FSE on lipid metabolism-related gene expression in HepG2 cells. Oligopeptides from both soymilk and fermented soymilk significantly downregulated the gene expression of CYP7a1 and SREBP-2 ( Figure 4) . As indicated by an earlier report in which two peptides from soy β-conglycinin increased SREBP-2 protein expression in HepG2 cells, peptide-mediated downregulation of SREBP2 seems to depend on the type of soy peptide [54] . This finding suggests that these oligopeptides suppress both the cholesterol catabolism and synthesis pathways. FAS gene expression was significantly downregulated in response to fermented soymilk oligopeptides, whereas soymilk oligopeptides only tended to downregulate the expression of this gene (p < 0.1; Figure 4 ). Lactic fermentation was thought to convert soymilk oligopeptides to more active forms. Peptides produced from soy protein by microbial proteases tend to downregulate CYP7a1 and FAS expression in rats [55] . SREBP-1 gene expression was hardly affected by either soymilk or fermented soymilk oligopeptides. These results indicate that CYP7a1 expression is promoted by isoflavone aglycones, rather than soy oligopeptides and that fatty acid synthesis-related gene expression is mainly suppressed by soy oligopeptides.
Additionally, because both oligopeptides and isoflavones downregulated SREBP-2 expression in HepG2 cells, an unknown component in the FSE fed to rats might upregulate hepatic SREBP-2 expression for functions other than hepatic cholesterol homeostasis ( Figure 2) .
Moreover, to confirm the interaction between isoflavone aglycones and oligopeptides, the cooperative effects of these fermented soymilk components on lipid metabolism-related gene expression were investigated. Although a mixture of daidzein and genistein significantly upregulated the gene expression of CYP7a1, this upregulation was reduced in response to co-treatment with isoflavone aglycones and oligopeptides ( Figure   5 ). Although FAS gene expression was not affected by isoflavone aglycones alone, Figure 5 . Effects of soymilk or fermented soymilk oligopeptides and isoflavones on lipid metabolism-related gene expression in HepG2 cells. mRNA expression was quantitatively measured by real-time RT-PCR. The cells were treated for 24 h with total 10 μM isoflavone (daidzein + genistein) (I10), total 20 μM isoflavone (daidzein + genistein) (I20), 2 mg/100ml soy peptide + total 10 μM isoflavone (daidzein + genistein) (S2 + I10), 4 mg/100ml soy peptide + total 20 μM isoflavone (daidzein + genistein) (S4 + I20), 2 mg/100ml fermented soymilk peptide + total 10 μM isoflavone (daidzein + genistein) (F2 + I10), and 4 mg/100ml fermented soymilk peptide + total 20 μM isoflavone (daidzein + genistein) (F4 + I20). (a) CYP7a1; (b) FAS. Each value is shown as the mean ± standard deviation. Data were normalized to GAPDH RNA expression and are presented as ratios relative to the vehicle control value. ***p < 0.001, **p < 0.01, *p < 0.05 indicate statistical significance compared with the control group; Student's t-test (n = 5).
co-treatment with isoflavone aglycones and oligopeptides reduced this expression. The present cell culture experiment was unable to determine differences in the intestinal absorption rates of isoflavone aglycones and oligopeptides. Because isoflavone aglycones and oligopeptides have approximate molecular weights of 250 Da and 0.3 -1 kDa, respectively, isoflavone aglycones are assumed to have a higher absorption rate.
Without considering the absorption rate, might be stronger than that of isoflavone aglycones. Therefore, isoflavone aglycone-mediated CYP7a1 upregulation would be suppressed by co-treatment with oligopeptides. Additionally, FAS gene expression decreased in response to co-treatment with oligopeptides and isoflavone aglycones. These results indicate that both isoflavone aglycones and oligopeptides affect lipid metabolism-related gene expression and that both components play different roles and modulate each other's effects on lipid metabolism, as shown in Figure 6 .
Conclusion
Isoflavone glycosides and proteins in soymilk were converted to isoflavone aglycones and oligopeptides by lactic acid fermentation, respectively. CYP7a1 gene expression was upregulated in response to isoflavone aglycones but downregulated in response to oligopeptides. FAS gene expression was downregulated in response to oligopeptides but was not affected by isoflavone aglycones. Therefore, it was found that isoflavone aglycones and oligopeptides in fermented soymilk differentially regulate hepatic lipid metabolism-related gene expression. Although the amino-acid sequences of oligopeptides produced from soymilk by lactic acid fermentation have not been clarified, we will elucidate it in the future. In addition, functional substances other than isoflavone aglycones, and soy oligopeptides in fermented soymilk might be involved in the modulation of lipid metabolism. The consumption of fermented soymilk containing isoflavone aglycones and soy peptides might prevent dyslipidemia more effectively than any other soy food. Fermented soymilk is a superior functional food modulating lipid metabolism. Figure 6 . Effects of isoflavones and oligopeptides in fermented soymilk on the expression of lipid metabolism-related genes (hypothesis).
